Abstract: A comparative assessment of the hydrological quality of the shallow aquifers and surface water sources in the Jia Bharali River basin and adjoining areas of the Himalayan foothills has been made in this work. Six set of seasonal samples were analysed with respect to the common physicochemical parameters including major anions (carbonate-bicarbonate, chloride, sulphate, fluoride, nitrate and phosphate), and cations (calcium, magnesium, sodium, potassium). 74 % of the aquifers had higher TDS and 88 % had higher hardness in the wet seasons. The major cations were in the ranges of Ca: 7.1 -43.9 mg/L, Mg: 2.1 -25.9 mg/L, Na: 3.8 -40.8 mg/L, and K: 2.1 -22.7 mg/L. The total alkalinity was almost entirely due to the presence of bicarbonate. The aquifers are rich in chloride (5.6 -110.7 mg/L) and sulphate (3.1 -83.1 mg/L) with nitrate (BDL to 0.72 mg/L) and phosphate (BDL -1.27 mg/L), the latter being significantly high for some aquifers. In case of surface water sources, the major ions show wide variability (Ca: 1.56 -45.45 mg/L; Mg: 0.56 -14.56 mg/L; Na: 3.10 -14.30 mg/L; K: 1.0 -11.50 mg/L). The surface water rich in chloride (2.28 -38.45 mg/L) and sulphate (0.38 -29.45 mg/L), is also contains the nutrients, nitrate (BDL -1.45 mg/L) and phosphate (BDL -1.48 mg/L).
Introduction
The river Jia Bharali is one of the major south flowing tributaries of the river Brahmaputra with a major part of its catchment within the Himalayan range of the Arunachal province of India. In the piedmont zone where it debouches from the Himalayas, the river is flowing along a northwest-southeast course and then takes a sharp southern turn near the Khari Dikrai confluence ( , influence water quality. It is important to identify and understand the sources, their interactions, and effects of water pollutants to have control over the pollutants (Manahan 1994 ).
The present study assesses the spatial and temporal variability in the quality of both groundwater and surface water in the Jia Bharali basin with reference to a set of drinking water quality parameters and 513 estimate their susceptibilities to changes on the surface.
Study area description
The Jia Bharali catchment is bound by longitudes 92 o 00/ -93 o 25/E and latitudes 26 o 39/ -28 o 00/ N.
The precursor trunk channel of the Jia Bharali, known as the Kameng, flows orthogonal to the Himalayan thrust pattern and deflects along the Tipi Thrust in the north and the foothills fault in the south respectively, before debouching into the foreland at Bhalukpung (92 o 65/E, 27 o 01/N). Further downstream, the River is known as the Bharali with its catchment localized within the Brahmaputra alluvium. The geomorphic mapping of the alluvial catchment has revealed the presence of a number of river terraces at different topographic levels with the present Jia Bharali (Jia meaning alive in local language) channel system occupying the lowest level.
The region has extensive tea-plantations on the higher topographic surfaces and paddy fields generally occupying the topographic lows. The northern part along the foothills of Arunachal Himalaya is made up of Reserve Forests and sparsely populated forest-villages. The region abounds in bio-diversity with evergreen and deciduous trees of many types. The recorded maximum and minimum annual discharge of the Jia-Bharali River has been shown to be 9,939 cumec and 53 cumec respectively. The average annual suspended sediment load of the river is 2,143 ha-m. High intensity rainfalls erodes the top soil of the basin, landslides and slips also occur in many places which add high sediment load in river (Jain et al. 2007 ).The study area falls in the subtropical climatic region and enjoys monsoon type of climate. Summers are hot and humid, with an average temperature of 29° C.
Summer rain is heavy, and occurs from late June to early September due to the moisture-laden southwest monsoon striking the Himalayan foothills of the north. Rainfall during July and August is the highest and amounts to more than 33% of the annual rainfall (Jain et al. 2007 ).
Materials and method
Water samples were collected twice in each year (wet and dry seasons) from 50 shallow wells and 35 surface water sources consisting of streams, rivers, and public ponds spread over the Lower Jia-Bharali basin and adjoining areas between Jia-Gabharu River in the west and Ghiladhari River in the east (figure 1) for three consecutive years. 1 L polyethylene containers, pre-cleaned and rinsed three times with 10 % reagent grade nitric acid and deionised water respectively followed by drying in a fume hood were used for sample collection. Standard methods APHA (1998) were followed in collection, storage and analysis of the water samples. Na and K were determined with a flame photometer (Elico CL 361), the anions, sulphate, phosphate and nitrate with UV-visible spectrophotometer (Hitachi 3210), total hardness, Ca, Mg, chloride and bicarbonate by titrimetric methods and fluoride by SPADNS spectrophotometric method,
Results and discussion
Basic statistics of the water quality data with respect to minimum, maximum, and mean values along with standard deviation of the data are given in Tables 1 and 2 . Since most of the surface water sources are being used by the people for domestic purposes (including cooking and in some cases for drinking), the results have been compared with WHO guidelines for drinking water quality to assess their suitability for consumption.
pH
In the present work, the groundwater had pH from 5.6 to 7.6 in the wet seasons and from 5.9 to 7.4 in the dry seasons. For the surface water, the average pH spread over 6.1 to 7.4 in the wet seasons and from 6.3 to 8.0 in the dry seasons. The river water pH was from 6.7 -8.0 while the pond water pH was from 6. 514 -7.8. Majority of the sources have pH in the narrow range of 6.5 to 7.0, which shows that the water can be safely used for drinking and irrigation with respect to acidity and alkalinity. In a natural environment, the pH goes towards the acidic range due to dissolved carbon dioxide and organic acids (e.g. fulvic and humic acids) derived from decay and subsequent leaching of plant materials (Garcia et al. 2001 ). There may be contributions from the basin characteristics when the basin has a wide distribution of lateritic soil whose pH is always acidic (CESS 1984) . In areas having extensive cultivation (e.g. paddy fields and tea estates), the pH could be lowered due to the use of acid producing fertilizers like ammonium sulphates and super phosphates of lime (Rajesh et al. 2001 ). 
Total Dissolved Solids
Total dissolved solids in water, representing soluble inorganic substances (Harley 2002 ) originate from natural sources, sewage, urban runoff, industrial wastewater and chemicals used in the water treatment processes. The aquifers showed a large variation in TDS from 63 to 349 mg/L with a mean value of 168 mg/L during the wet seasons and from 79 to 285 mg/L with a mean value of 121 mg/L during the dry seasons. A few of the values are very large during the wet seasons indicating considerable input through the surface runoff. The TDS of the surface water sources varied from a minimum of 55 mg/L to a maximum of 130 mg/L with a mean value of 86 mg/L in the wet seasons and from 70 to 170 mg/L with a mean value of 102 mg/L in the dry seasons. It is observed that 85.7% surface water sources show higher TDS values in dry seasons than the wet seasons. The higher values in the dry seasons are mainly due to reduction in water volume while the opposite is the case in the wet seasons when precipitation and increased volume of runoff enter the sources. Majority of the sources (79.9 % in the wet season and 57.2 % in the dry season) have TDS < 100 mg/L. TDS > 1000 mg/L that gives an objectionable taste to water, however, no water sample in the present work, had TDS ≥ 1000 mg/L. 
Total Hardness
Dissolved salts of mainly Ca and Mg determine the hardness of water. All the aquifers in the present work have sufficiently large hardness contents: the average values are in the ranges of 52 -198 mg/L with a mean value of 118 mg/L in the wet seasons and 37 -167 mg/L with a mean value of 78 mg/L in the dry seasons. 88 % of the aquifers have higher hardness in the wet seasons than in the dry seasons. The surface water with hardness contents of 29 -112 mg/L in the wet seasons and 35 -153 mg/L in the dry seasons is less hard than the groundwater. The hardness increases due to entry of sewage, detergents and other domestic and industrial wastes (Jain and Sharma 2002) . However, all the water sources in both the seasons had hardness well below the WHO (1984) permissible limit of 500 mg/L which was based on taste and 
Sodium (Na) and Potassium (K)
In the present work, the sodium contents of the aquifers are very much within the safe range (6.5 -40.8 mg/L in the wet season and 3.8 -30.4 mg/L in the dry season) and the water can be considered as suitable for irrigation and domestic purposes. Potassium contents show similar variations, i.e., 2.6 -22.7 mg/L in the wet seasons and 2.0 -16.7 mg/L in the dry seasons. The ranges of sodium concentration in the aquifers during the wet season and the dry season remain almost similar, yet it is found that 78 % of groundwater samples show higher values of sodium in the wet season than in the dry season. However all the aquifers show Na content well below the WHO (1984) recommended value of 200 mg/L. As in the case of Na, 76 % of the aquifers showed more potassium content in the wet season than in the dry season. The surface water had Na in the range of 3.5 -11.2 mg/L in the wet seasons and 4.3 -13.8 mg/L in the dry seasons while potassium contents were from 0.8 -5.1 mg/L in the wet seasons and 1.5 -6.2 mg/L in the dry seasons. Being entrapped water bodies, the ponds are likely to accumulate Na from domestic effluents and runoff if they find their way into the ponds. It is found that 85.8 % of the surface water samples show higher values of sodium in the dry season than in the wet season. As in the case of Na, 77.3 % of the surface water bodies showed more potassium content in the dry season than in the wet season. High values of sodium and potassium at certain stations are attributed to the possible contamination by domestic sewages and effluents. The natural sources of potassium in water are the minerals of local igneous rocks such as feldspars (orthoclase and microcline), mica and sedimentary rocks as well as silicate and clay minerals (Howari and Banat 2002). The major ion contents of the selected water sources of the study area follow the trend, Ca > Na > Mg > K, in both the wet and the dry seasons.
Bicarbonate (HCO3) and Carbonate (CO3)
No carbonate (CO 3 2-) alkalinity could be found in any of the water sources. Dissolved carbonates raise the pH of water to more than 8.3 and in the present study, the water sources have pH lower than this value and hence no carbonate is expected (Narain and Chauhan 2000). The total alkalinity is therefore almost entirely due to the presence of bicarbonates (Pawar 1993 ). Bicarbonate content (as CaCO 3 ) of the groundwater samples varied from 34 -119 mg/L (mean 70 mg/L) in the wet seasons and 18 -68 mg/L (mean 43 mg/L) in the dry seasons. Bicarbonate was found at slightly higher levels in the post-monsoon period indicating that some contribution might have come from the carbonate weathering process due to heavy downpour in the catchment. In 90 % of the water samples, the bicarbonate alkalinity is higher in the wet season than the dry season which can be related to its dissolution by the rainwater recharge of the ground water storage. Bicarbonate content of the surface water samples varied from 18 -39 mg/L in the wet seasons and 28 -54 mg/L in the dry seasons. The bicarbonate, however, did not exceed WHO permissible limit (500 mg/L) substantiating the fact that the bicarbonate content is largely determined by CO2 -water equilibrium followed by generation of carbonic acid, H 2 CO 3 , that interacts with the primary minerals increasing the bicarbonate concentration (Som and Battacharya 1992).
Chloride (Cl)
The aquifer chloride showed a wide range of values from 5.6 -110.7 mg/L in the wet seasons (mean 39.1 mg/L) and from 8.8 -90.7 mg/L (mean 36.8 mg/L) in the dry seasons. In 46 % of the wells, chloride was higher in the wet season while the rest 54 % aquifers showed higher Cl values in the dry season. All of the aquifers had Cl below the permissible limit of 250 mg/L (WHO 1984) and therefore the groundwater was free from excessive presence of chloride. The surface water sources also exhibited a wide range of chloride contents: 5.9 -25.3 mg/L (mean 10.9 mg/L) in the wet seasons and 9.8 -28.7 mg/L (mean 15.5 mg/L) in the dry seasons. 91.5 % of the surface water sources have higher chloride content in the dry seasons than those of the wet seasons. Since the chloride levels were not very high in this work, the inferences drawn are (i) the rate of percolation of agricultural and domestic wastes to the surface water bodies (the area is not industrial) is low and (ii) the contributions from the geological formations of the area is not much significant (Mariappan et al. 2000 ).
Sulphate (SO 4 2-

)
Sulphates in water mostly arise from anthropogenic additions in the form of sulphate fertilizers in the catchment area (Pawar and Shaikh 1995) and from domestic and industrial wastes. The sulphate contents of all the aquifers in the present study were much below the permissible limit (400 mg/L, WHO 1984) with the values ranging from 7.1 to 83.1 mg/L (mean 21.4 mg/L) in the wet seasons and 3.1 to 38.0 mg/L (mean 18.1 mg/L) in the dry seasons. In 58 % of the wells, the sulphate content is higher in the wet season which may be due to action of leaching and anthropogenic activities in a metamorphic environment. The sulphate in the surface water sources was from 1.8 to 14.2 mg/L in the wet seasons and 3.4 to 24.4 mg/L in the dry seasons. Lower concentration of sulphate during the summer may be due to more intense decomposition of organic matter by anaerobic bacteria at the higher ambient temperature and also due to dilution. The variation of sulphate concentration in both the seasons is thus very wide. In as many as 85.8 % of the surface water sources, the sulphate content is higher in the wet season than in the dry season.
Fluoride (F)
In the present study, fluoride concentration of the shallow aquifers varied from BDL -0.49 mg/L with a mean value of 0.06 mg/L in the wet seasons and BDL -0.70 mg/L with a mean value of 0.08 mg/L in the dry seasons. Interestingly, the wet season fluoride content of 36 % of the aquifers is higher than the dry season content. Fluoride enters surface water mainly from weathering of rocks, phosphatic fertilizer usage, and sewage sludge. In the present study, the average fluoride concentration of the surface water sources was from BDL -0.10 mg/L with a mean value of 0.01 mg/L in the wet seasons and BDL -0.14 mg/L with a mean value of 0.01 mg/L in the dry seasons. Due to dilution, the wet season fluoride content is much lower than the dry season content in a large number of sources of the study area. (Saleh et al. 1999) , in the present study, its source is likely to be the application of fertilizers in the agricultural fields of the locality. Ammonium sulphate, (NH4) 2 SO 4 , was commonly applied and it was likely to have been converted to nitrate through an aerobic nitrification process. 4 3-)
Phosphate (PO
Phosphate occurred in the aquifers from very small to considerably large values. The range was from 0.01 to 1.27 mg/L in the wet seasons and BDL to 0.98 mg/L in the dry seasons. In 82 % of the water samples, phosphate concentration was higher in the wet season than in the dry season. The phosphate contents of the surface water also had wide variance. There are sources, which did not have any detectable phosphate content (5.7% in the wet seasons and 37.2% in the dry seasons) while maximum values of 1.48 mg/L in the wet seasons and 1.14 mg/L in the dry seasons were also recorded. In 88.5 % of the surface water samples, phosphate concentration was higher in the wet season. Sources of phosphate in water have been recognized as weathering of phosphate containing rocks, agricultural runoff carrying unused fertilizers and percolation of sewage and industrial wastes (Goldman and Horne 1983, Anda et al. 2001 ). The study shows that the anion composition of the water samples is dominated by bicarbonate, chloride and sulphate (in that order) with a little contribution from phosphate and nitrate, the order being HCO3 > Cl > SO 4 >>> PO 4 > NO 3 in both the wet and the dry seasons.
Piper Classification
A Piper triplot (1994) is used us to classify groundwater and surface water with respect to their chemical parameters. In the present study, Piper trilinear diagram constructed on the basis of the experimental results are shown in figures 2 and 3. On the basis of the figures, the water sources of the study area can be classified mainly into two groups as shown in the Table 4 . 
519
It reveals the preponderance of alkaline earths (Ca, Mg) and weak acids (HCO 3 ) over alkalis (Na, K) and strong acids (SO 4 , Cl) in the ground and surface water of the majority of the sites of the study area in both the wet and the dry seasons, thereby indicating calcium and magnesium bicarbonate type of water. The second group shows no dominant type of water class (no one cation-anion pair exceeds 50 percent). The conversion of calcium bicarbonate water to sodium bicarbonate water in the water sources is not impossible. 
Conclusions
The present study shows that both the surface and ground water of lower Jia Bharali basin are calcium and magnesium bicarbonate type of water. The major cations, Ca, Mg, Na and K, show almost similar trend both in the wet and the dry seasons. Most of the water sources had almost equal concentration of chloride and sulphate with appreciable amounts of phosphate and nitrate -some of which might have entered from surface runoff. The total alkalinity was entirely due to the presence of bicarbonate, which also indicates that there is not much dissolution of carbonates from the rock minerals in the water sources. All the water sources show fluoride content below the WHO limit. Majority the sources had high Fe-content exceeding the WHO permissible limit of 0.3 mg/L in all the seasons. Most of the parameters in the water sources of the study area were found well below the WHO maximum permissible limits. However, increasing urbanization, leaching from natural geological formations, domestic sewage and surface runoff from non-point agricultural sources have affected concentration levels of the studied constituents. A large portion of the contamination may be the outcome of growing human activities (mainly agricultural) in the catchment area. This also shows that the water sources of the area are not protected properly. However, the water sources of the area are suitable for domestic and industrial as well as irrigation purposes with respect to the physico-chemical parameters.
